Background: In heavy ion collision at the Fermi energies Isospin equilibration processes occurring when nuclei with different charge/mass asymmetries interacts have been investigated to get information on the nucleon-nucleon Iso-vectorial effective interaction.
I. INTRODUCTION
Experimental evidences on Heavy Ion Collisions highlight, in different aspects, processes evolving on different time scales. At the Fermi energies semiclassical dynamical models can not describe the system during its overall time evolution. According to the displayed phenomenology, the collected data are usually described as produced by a fast pre-equilibrium stage described through dynamical models [1-3] and later stage processes described by statistical decay models [4] . The statistical contribution is usually separated from the dynamical one through cut/extrapolation procedures applied to angular correlation and/or to particle kinetic energy spectra (see as an example [5, 6] ). When clearly identified [7] , the attempt to measure observables in principle closely linked to only one of the two regime is therefore highly desirable. In fact, this eventuality allows to decouple effects related to the two classes of mechanisms that are linked to rather different nuclear matter macroscopic properties. In the last decades great efforts have been performed to extract information on the nuclear iso-vectorial forces by studying charge/mass asymmetric systems [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . These attempts concerns both the dynamical stage and the statistical decay of the produced hot sources. In particular in this last stage the isospin and excitation energy dependence of the level density formula play a key role and it is currently under investigation [10, 12, [18] [19] [20] .
A phenomenon closely linked with iso-vectorial-forces is the well known process leading to the redistribution in phase-space of the charge/mass excess β = N −Z A [21] of the emitted particles and fragments (Z is the charge, N is the neutron number and A the mass number). This phenomenon commonly referred as charge/mass or isospin equilibration process is rather complex in the Fermi energy domain, especially when finite size effects of the studied system have to be properly taken into account. The charge/mass distributions related to the final fragments and particles are affected by the pre-equilibrium stage, which includes particles and fragments production in the mid-rapidity region, prompt emission, transfer of mass and charge between the main fragments and finally particles/fragments emission from hot equilibrated sources through a multi-step statistical cascade. As an example, in Refs [11, 16, [21] [22] [23] ] the transfer of mass-charge between the main partners has been investigated through the study of the isospin transport ratio obtained starting from the isotopic distributions produced near the projectile rapidity for medium-heavy symmetric/quasy-symmetric systems.
In this paper we report on results of investigations on this equilibration process for the system 48 Ca + 27 Al at 40 MeV/nucleon starting from a different and/or complementary point of view. The measurement was performed with the CHIMERA multi-detector [24] at Laboratori Nazionali del Sud di Catania (Italy). The main goal of the experiment was to evaluate, for well reconstructed events, belonging to selected classes K, the quantity:
The brackets indicate the average value over the ensemble K. Z i , V i , m are the charges, laboratory velocities, charged particle multiplicity respectively of the produced particles in the selected class of events, respectively. Finally − → V c.m. is the center of mass (c.m.) velocity.
We note that in this expression the contribution of produced neutral particles is implicitly contained in − → V c.m. . The interest on this quantity was triggered by two main reasons: a) as shown in Refs [7, 25] this quantity is closely linked with charge/mass equilibration process because it represents the average time derivative of the total dipolar signal in the asymptotic stage (expressed in unit of e). In fact, as an example, for binary systems, in absence of dynamical neutron-proton collective motion we have:
. µ is the reduced mass number of the system, β 1 , β 2 are the isospin asymmetries of the two partners 1 and 2 and finally − → V 1 and − → V 2 the related velocities. In the above expression we have supposed negligible the correlation of fluctuations between charge/mass ratios of the partners and their relative velocity. On the other limit, the same quantity is zero if evaluated for a system represented by an equilibrated source before or after the statistical decay. As shown from dynamical microscopic calculations in a collision process between two nuclei having different charge/mass asymmetries, | − → D | changes during the time towards smaller values in the pre-equilibrium stage (spontaneous approach to the equilibrium) producing γ-ray emission through the excitation of a more or less damped dipolar dynamical mode [7, 26] ; b) because of the symmetries of the statistical decay mode, − → D is not affected by the statistical emission of all the produced sources in later stages, as it is shown in Ref. [7] .
This essentially happens because, due to the vectorial kinematical character of this quantity , for well reconstructed events statistical effects are self-averaged to zero. Therefore − → D is a rather well suited global variable to selectively evidence dynamical effects related to the Isospin equilibration process. [24, 27] . In particular, the ∆E −E technique was employed for Z identification of fragments punching through the silicon detectors and additionally for isotopic identification of fragments with atomic numbers Z < 10. Mass identification is performed with the timeof-flight (TOF) technique by using the time signal from silicon detectors with respect to the time reference of the radio-frequency signal from the cyclotron. The TOF technique is basically used for velocity measurements of heavy ions. This technique is also essential for the mass and charge indirect determination of slow TLF's (Target Like Fragments) stopped in the silicon detectors. Energetic light charged particles, stopped in the scintillator crystal, are identified by applying the "fast-slow" discrimination method [28] .
In the following we report results collected for events with a multiplicity of detected charged particles greater than or equal to 2. We have chosen rather restrictive selection criteria to identify the "good" reconstructed events. These conditions are suggested from calculations to obtain the "invariance" of the investigated quantity with respect the statistical decay mode (see Table I ). For the main system we have selected events for which the total identified charge Z 
A is the incident energy per nucleon and µ is reduced mass number of the impinging For each velocity value, fragments having a charge smaller than the value plotted through the curves can be directly assigned by means of the ∆E − E technique. Fragments having an higher charge will be stopped in the silicon detector an then the charge identification is obtained in an indirect way through the mass determination obtained by means of TOF and energy measurements and by using the Charity prescription [29] . Therefore the comparison between the TLF charge distribution obtained in the main system in the indirect way (upper portion of the Z-V Z plot in Fig.1(a) ) and the one related to the PLF for the auxiliary system, directly assigned, (lower portion of Z-V Z plot in Fig.1 by all the produced charged particle. The contribution related to the global relative motion of the undetected free neutrons is not included. In the next sections we will describe a way to estimate the average total signal associated to D Z . In Fig.3 (panel a) 
III. COMPARISON WITH COMD-II CALCULATIONS
To obtain information on the behavior of the Iso-vectorial interaction starting from the present experimental data, we have performed CoMD-II [30, 31] velocity for the subsystem of the charged particles. Therefore the second term in the above expression give us an estimation of the effect associated to the undetected free neutrons [34] which clearly participate in to determining the global degree of isospin equilibration. Before to conclude this section we add some observations about the "invariance" of the discussed quantities with respect statistical decay modes. As previously observed this was shown in a rather general way in ref. [7] . In the present work we have also checked if this insensitivity is still maintained by operating with a realistic efficiency of the CHIMERA apparatus. In after the GEMINI [32] de-excitation stage and the ones related to the dynamical primary events. independently from the reaction mechanism) are necessary. A more detailed analysis could also allows to estimate the specific contribution to the equilibration process produced by the prompt and mid-rapidity emission as compared to the transfer of charge/mass between the main partners. The more challenging attempt to investigate on the other component along the X impact parameter direction could be of relevant interest. D X in fact is linked, in a global way, and in an independent way from statistical emission, with the differential flow of particles characterized by different charge/mass asymmetries values [35] . 
